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ABSTRACT 
We present the results of an integrated structural and anisotropy of magnetic susceptibility (AMS) 
investigation in thrust shear zones. A total of 17 sites from six localities along the frontal and 
oblique ramp of the Olevano-Antrodoco-Sibillini thrust and back thrust (Northern Apennines, Italy) 
were studied to investigate both magnetic fabric and structural characteristics of Cretaceous to 
Neogene calcareous and marly rocks. In most of the sites AMS is controlled by the paramagnetic 
minerals (prevailingly phyllosilicates). Structural analysis shows the presence of SC- and S-
tectonites associated to predominant simple and pure shear, respectively. The combination of 
density diagrams and cluster analysis allowed discriminating different sedimentary/tectonic 
overprints on a blended magnetic fabric. Six different subfabrics were distinguished, related to the 
structural data and associated to deformation stages and regimes. The magnetic foliation has a 
double tendency to parallelize to pressure solution cleavage (S) and shear planes (C). The 
magnetic lineation tends to progressively align with the slip vector, save for pure-shear-dominated 
sites at less than 15-20 cm from the thrust, where it aligns with the transport direction. The 
magnetic fabric is dominated by simple shear deformation. The protocol applied for AMS analysis 
shows a great potential to unravel blended sedimentary and/or tectonic features in magnetic 
fabrics. AMS can be considered as a useful tool in unravelling the variation of simple-pure shear 
deformation regime in shear zones. 
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- we performed a magnetic fabric investigation on simple-to-pure-regime shear zones 
- density diagrams and cluster analysis allowed distinguishing different processes 
- six different fabrics were recognized depending on the intensity of deformation 
- the magnetic fabric is more sensitive to the simple shear deformation 
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Table 1: Summary of the anisotropy of magnetic susceptibility data at site level. 
Locality Site Stage n/N m ± P' T
(x 10-9 m3kg-1) D I D I
Sassotetto SSR1 16/20 11.16 ± 5.19 1.040 0.785 295 32 52.1 18.3 47 31 21.1 11.6
SSR1-SF1 E 10/16 12.71 ± 5.76 1.030 0.671 191 50 56.7 22.9 40 36 26.8 12.9
SSR1-SF2 C 6/16 8.56 ± 2.86 1.061 0.386 304 29 18.6 8.8 51 28 13.3 8.6
Monastero MSC1 19/20 39.65 ± 21.54 1.021 0.613 342 5 35.1 13.5 76 39 18.6 12.1
MSC1-SF1 C 8/19 17.20 ± 4.45 1.021 0.903 161 2.3 77.5 12.0 70 32 14.4 8.9
MSC1-SF2 C 11/19 55.98 ± 11.19 1.023 0.465 346 6 19.2 13.2 82 45 20.2 10.7
MSC2 19/19 24.69 ± 2.66 1.017 0.648 133 13 59.4 13.0 1 71 22.2 13.8
MSC2-SF1 A 10/19 24.12 ± 1.91 1.019 0.158 100 1 31.8 12.9 8 77 17.0 11.4
MSC2-SF2 B 9/19 25.32 ± 3.39 1.020 0.052 169 22 28.5 14.2 351 68 32.5 14.2
Infernaccio ISC1 19/21 22.07 ± 7.02 1.032 0.856 212 50 75.1 24.4 76 32 30.1 24.6
ISC1-SF1 D 14/19 18.63 ± 2.86 1.014 0.479 183 35 53.3 21.6 68 31 33.8 14.9
ISC1-SF2 E 5/19 31.71 ± 6.10 1.117 0.657 297 59 17.9 7.7 79 25 18.7 7.6
Monte Boragine BSR2 F* 10/15 -2.03 ± 0.98 1.076 -0.351 319 59 68.7 18.1 180 25 31.9 16.0
BSR1 F* 10/19 -3.33 ± 1.81 1.027 -0.656 169 80 70.0 31.0 9 10 43.3 23.9
BMC1 E// 8/12 2.52 ± 1.94 1.055 0.147 250 46 59.9 27.9 4 21 52.9 20.8
BMC2 13/16 9.83 ± 6.33 1.032 0.593 243 13 43.6 17.3 128 61 25.7 17.3
BMC2-SF1 E or E// 6/13 6.44 ± 2.28 1.027 0.175 35 6 37.0 23.4 134 57 31.3 14.7
BMC2-SF2 D// 7/13 12.74 ± 7.37 1.040 0.410 266 23 30.8 18.2 121 63 22.4 14.2
BMC3 15/21 1.05 ± 2.96 1.121 -0.037 201 21 44.2 24.5 9 69 59.4 23.6
BMC3-SF1 E or E// 8/15 3.34 ± 1.96 1.035 -0.225 211 1 49.7 20.5 304 72 45.3 28.5
BMC3-SF2 D* 7/15 -1.56 ± 1.00 1.080 0.071 197 29 34.2 19.9 29 61 54.6 15.2
Valle Scura VSR2 19/21 7.23 ± 1.88 1.022 0.010 207 25 32.2 17.8 31 65 35.3 16.6
VSR2-SF1 E// 14/19 7.12 ± 1.80 1.027 -0.383 211 25 23.3 16.7 28 65 43.5 15.2
VSR2-SF2 F 5/19 7.52 ± 2.29 1.020 -0.134 132 4 23.0 12.1 35 59 22.7 15.6
VSR1 E// 23/24 9.29 ± 2.17 1.039 0.091 230 28 24.3 18.0 67 61 24.3 18.0
VMC1 18/21 8.56 ± 3.56 1.015 0.529 263 21 68.5 14.8 29 57 33.5 18.7
VMC1-SF1 E// 10/18 8.16 ± 2.22 1.020 -0.346 227 26 22.5 18.6 1 55 45.1 21.6
VMC1-SF2 F 8/18 9.07 ± 4.89 1.023 -0.361 303 5 28.3 9.6 38 42 46.0 10.3
VCM2 19/21 12.25 ± 2.37 1.024 0.406 234 21 49.0 15.8 37 68 22.7 15.8
VMC2-SF1 D// 9/19 12.25 ± 2.37 1.032 -0.004 253 19 11.6 10.5 43 68 28.2 8.7
VMC2-SF2 E 10/19 12.42 ± 1.51 1.020 0.186 191 20 25.6 14.1 28 69 26.8 14.9
VCM3 18/21 11.56 ± 3.62 1.022 0.442 204 22 44.0 20.6 60 64 28.3 20.1
VMC3-SF1 D// 8/18 11.44 ± 3.24 1.025 0.120 244 38 30.4 17.3 64 53 23.6 21.8
VMC3-SF2 E 10/18 12.18 ± 4.37 1.025 0.181 185 12 21.0 15.1 37 77 25.9 16.3
Cottanello CSR1 13/15 2.97 ± 1.21 1.025 -0.056 317 35 50.4 26.9 204 29 39.4 26.3
CSR1-SF1 D 6/13 2.4 ± 1.37 1.039 0.113 325 42 53.5 22.8 188 39 36.8 21.3
CSR1-SF2 C 7/13 3.47 ± 0.86 1.019 0.097 312 17 51.2 11.4 221 5 30.5 11.4
CSR2 16/22 5.72 ± 2.79 1.026 0.058 329 22 47.5 25.1 167 67 47.6 23.0
CSR2-SF1 E 8/16 5.91 ± 2.78 1.045 0.222 13 40 22.2 13.5 188 50 14.6 13.0
CSR2-SF2 C 8/16 5.52 ± 2.97 1.038 0.329 324 4 32.8 12.9 60 57 27.4 13.6
CSR3 15/20 6.76 ± 4.20 1.042 0.453 12 18 56.0 26.6 228 68 26.8 10.8
CSR3-SF1 E 9/15 5.80 ± 4.30 1.049 -0.026 20 16 36.0 26.5 240 69 26.8 14.6
CSR3-SF2 C 6/15 8.19 ± 3.97 1.042 0.395 308 1 37.4 8.0 217 61 20.9 4.8
Columns: Locality; Site; Stage = degree of deformation from sedimentary fabric (A) to latest tectonic event 
(F), (*)inverse fabric and (//)tectonic fabric parallel to the transport direction; n/N = number of specimens 
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Figure 1: Schematic geological map of the Northern Apennines (Italy) 
with the studied localities (white stars), modified after Calamita et al. 
(2012). The curve-shaped Olevano-Antrodoco-Sibillini (OAS) thrust is 
the outer front of the Northern Apennines.
Figure 1
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Figure 2: Summary of the structural data for each studied locality integrated with data from the literature



















































































































































Figure 3: Box-and-whisker plots of the a) mass 
magnetic susceptibility (
m
), b) corrected anisotropy 
degree (P’) and c) shape parameter (T) for the 
studied localities. Central boxes include values between 
the lower and upper quartiles. Di erent gray shades 


















































































































































Figure 4: Corrected anisotropy degree (P’) vs. mass susceptibility (
m
) and shape parameter (T) vs. correcte
anisotropy degree (P’) plots for the various localities. Different symbols correspond to different lithologie
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Figure 5: Magnetic fabric from the frontal thrust ramp at Sassotetto, Monastero 
(sites MSC1 and MSC2) and Infernaccio. Equal area projections in geographic 
coordinates of the principal magnetic susceptibility axes at site level (left) and rela-



















































































































































Figure 6: Magnetic fabric from the oblique thrust ramp at Boragine. Equal area 
projections in geographic coordinates of the principal magnetic susceptibility axes 
at site level (left) and relative subfabrics when detected (middle and right). Legend 










































































































































































Figure 7: Magnetic fabric from the oblique thrust ramp at Vallescura. Equal area 
projections in geographic coordinates of the principal magnetic susceptibility axes 
at site level (left) and relative subfabrics when detected (middle and right). Legend 






























































































Figure 8: Magnetic fabric from the back-thrust at Cottanello. Equal area projec
tions in geographic coordinates of the principal magnetic susceptibility axes at sit












































































































































S/C fabric evolution 
Frontal thrust ramp
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Figure 9: Summary of magnetic fabric stages and comparison with structural data. Representative examples 
from the different deformation regimes are reported. Conceptual diagram of the different types of shear defor-
mation fabric (ZX section of strain ellipses) related to frontal (FTR) and oblique (OTR) thrust ramps (modified 
from Calamita et al., 2012; Pace et al., 2015). 
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